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Abstract 
According to characteristic of interceptor terminal flying, the current stochastic model based AEKF algorithm was 
combined into the stochastic sliding model variable structure guidance law to design the interceptor terminal 
guidance law. Firstly, on the basis of the passive radar’s angle measurement information, the current stochastic model 
based AEKF algorithm was used to obtain the relative-distance and relative-velocity. Secondly, the influence of 
system state noise and observation noise were taken into account, designed a stochastic sliding model variable 
structure guidance law, which had the merit of robustness and angle of sight convergence. The simulation results 
indicate that the current stochastic model based AEKF algorithm combined to stochastic sliding model variable 
structure guidance law has high estimation precision and improves the guidance precision and minishs the miss 
distance. It turns out to be much value in engineering applications. 
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1. Introduction
In the modern guidance system, the passive radar system has been applied widely because of the 
excellent capability to anti-jamming and concealed itself. However, the passive radar just could support 
the angle information, if using the modern guidance law to improve the guidance precision of passive 
radar interceptor; we could estimate the relative distance, relative velocity and relative acceleration [1]. 
* Zhao Hui. Tel.: +86-029-84787555; fax: +86-029-84787555. 
E-mail address: Liuziyang_kgy@163.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
277Zhao Hui et al. / Procedia Engineering 23 (2011) 276 – 2832 Zhao Hui / Procedia Engi eering 00 (2011) 000–000 
The problem of only having angle measurement information named Passive Guidance Problem, we must 
propose a nonlinear filter method which has fine stabilization, fast convergence speed for the passive 
guidance problem. In the actual interception process, the mathematical model exists uncertain factors, the 
system state’s metrical value also exists observation noise, so in the process of designing the missile 
guidance controller, we have to take the influence of stochastic factors into account[2~3]. In this paper we 
firstly study the adaptive extended kalman filter based on current statistical model, then design a more 
practical stochastic sliding model guidance law. 
2.  Problem formulation 
In order to design the passive radar interceptor terminal guidance law, we need to estimate the relative 
movement parameters and the target movement parameters. So, in this section, we build the state 
equations and measurement equations base on current statistical model. The relative movement 
relationship between interceptor and target in a plane was showed in Fig.1, to conveniences, we study the 
target state parameters in the two-dimensional plane. The two-dimensional equation of the current 
statistical model based on relative movement information is: 
( ) ( ) ( ) ( ) ( )t t t t t= + + +X X Bu a WΑ Γ  (1) 
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Fig.1 The relative relationship between interceptor and target 
We set the sampling cycle T, then the maneuverer target current statistical model discrete equation is: 
( 1) ( 1/ ) ( ) ( ) ( ) ( ) ( )k k k k k k k k+ = + + + +X X B u a WΦ Γ (2)
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Where ( )kW is the discrete time white noise sequence, ( 1/ )k k+Φ , ( )kB , ( )kΓ and ( )kQ ’s equations 
are as follows: 
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Where α is the maneuver frequency. 11q ~ 33q  came from Reference[4], 
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Where maxia  and maxia−  are the target’s max positive and negative acceleration in the x axis and y axis.
The measurement equation is: 
( )( ) ( ), ( )k k k k= +Z h X V  (8) 
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Where ( ) ( )( ), arctan
( )
R
R
y k
k k
x k
=h X , ( )kV is the virtual observation noise. 
3.  The current statistical model based AEKF algorithm 
The measurement equation mentioned above is a nonlinear equation, it would introduce the 
linearization error when linearizing the equation during the process of filter by using the adaptive kalman 
filtering(AEKF) method, which would bring the virtual observation noise, so we should compensate the 
linearization error to improve the filter capability. From section II, we could get the current statistical 
model based AEKF algorithm: 
ˆ ˆ( 1/ ) ( 1/ ) ( / ) ( ) ( ) ( ) ( )k k k k k k k k k k+ = + + +X X B u aΦ Γ   (9) 
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tx tyk a k k a k k⎡ ⎤= ⎣ ⎦a ， ( )ˆ( 1) ( 1)k E k+ = +r V ， ( )ˆ ( 1) cov ( 1)k k+ = +R V .
By using the Sage-Husa time-varying noise statistical value-estimator to estimate the mean virtual 
observation noise ˆ( 1)k +r  and the variance ˆ ( 1)k +R  : 
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Where ( ) ( )11 1 kk f fd b b += − − ， (0,1)fb ∈  named forget-factor.  
( ) ( 1)
ˆ ( 1/ )
k k
k k
∂= − +∂ +
h
I K
X
ρ , ( )ˆ ˆ( 1) ( 1) ( 1/ ), 1 ( 1)k k k k k k+ = + − + + − +Z h X rφ .
Bring the equation (14) and equation (15) into equation (9)~(13), what we get is the AEKF algorithm 
based on current statistical model. 
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4. Design the stochastic sliding model variable structure guidance law 
This section is mainly talking about the design of the stochastic sliding model variable structure 
guidance law based on optimum control. Think about the relative movement relationship between 
interceptor and target in the plane in Fig.1, M  and T  is the centroid position of interceptor and target, 
R  is the relative distance between them in the plane, q is the angle of sight, q is the angular of sight, mV
and mϕ  are the interceptor’s speed and velocity angle, tV  and tϕ  are the target’s speed and velocity 
angle, the dynamic relationship between interceptor and target are as follows: 
cos( ) cos( )
sin( ) sin( )
t t m m
t t m m
R V q V q
Rq V q V q
ϕ ϕ
ϕ ϕ
= − − −
= − − + −

    (16) 
Ulteriorly: 
2 1 1
t m
R
q q a a
R R R
= − + − 
   (17) 
Where ma and ta  are respectively the interceptor’s and target’s acceleration’s component in the 
rectangle axis of the sight. We set the state variable x q=  , take the influence of system uncertainty and 
sate noise, the equation(17) could be changed as follow: 
( )x A A x Bu Df ξ= + Δ + + +    (18) 
 
Where mu a= is the control variable of system, ˆtf a=  is the estimation of the target’s acceleration. 
2R
A
R
= −
 ， 1B
R
= −  and 1D
R
=  are the system nominal parameters, AΔ  is the uncertain section of the 
parameters, which caused by movement parameter estimation or system modeling error. ( )tξ  is the state 
noise. 
Make a definition for virtual control variable: 
ˆopt tu u a= −    (19) 
If we do not think about the uncertain section, which could be change as follow: 
x Ax Bu ξ= + +    (20)
The cost function’s definition is: 
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2 2
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Where ft  is the time that interceptor attacked the target, c  and ( )r t  are the weighting coefficients, 
when c →∞ , then ( ) 0fx t → , which ensured that the interceptor attacked the target where the angle 
velocity of sight was 0 
If 1 ˆ( ) ( ) ( ) ( )u t r t B t P t x−= − , the equation(21) could be get minimum value, that is to say, angle velocity 
of sight was 0 and the control variable could be minimum, when interceptor attacked the target. 
According to Ref[1],we could get the optimum control variable: 
3
3 3
3 ( ) ( )
ˆ ˆ( )
( ) ( )f
R t R t
u N t x x
R t R t
= = −

   (22) 
The ideal situation is that the relative distance could be 0 when interceptor attacked the target, so we set 
the terminal condition ( ) 0fR t = , from the equation(19), we could get the optimum control variable is 
follow: 
ˆ ˆ3 ( )opt tu R t x a= − +     (23) 
So , we could get conclusion: 
When there is no uncertain section in the system, by using the equation(23)’s control variable, the miss 
distance of the interceptor could be a little, the cost function could be get optimum. 
When there is uncertain section in the system, we plan to apply the sliding model variable structure 
control algorithm to design the controller to meet the robustness request of the uncertain system[6~8].
When the missile-target line of sight angle was 0,we could get little miss distance, so we set the sliding 
model face to the function of the angle velocity of sight: 
ˆS Rx=     (24) 
The stochastic process of the sliding model function is: 
ˆ ˆS Rx Rx= +      (25) 
On the basis of the optimum guidance law, using the equation(24), we construct the stochastic sliding 
model guidance law is follow: 
sgnSSMG optu u lS k S= + +     (26) 
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Where l  and k  is the suitable parameters, R , R  and ta  could be get during the process of filtering. 
5.  Simulation analysis 
In this section we could make simulation to validate the design. We supposed the terminal guidance 
relative position is: 0 12Rx = km， 0 6Ry = km, relative velocity 0 832xv = − m/s， 0 462yv = − m/s，
0 10txa = m/s2， 0 12tya = m/s2；the parameter in the current statistic model based AEKF algorithm were 
set as: max 30xa = m/s2， max 40ya = m/s2， max 30xa− = − m/s2， max 40ya− = − m/s2， 0.1α = ； 5k = ，
0.1l = .
We supposed that the target was moving in the plane, which the initial position was (8000m,7000m), 
form 0 second to 1 second the target’s manoeuvre acceleration was（10m/s2，12m/s2）,from 1s to 2s, 
the target did uniform motion; from 2s to 3s, the target’s moving style was acceleration motion, the 
acceleration was （8m/s2，14m/s2）,from 3s to 5s,the acceleration changed to（12m/s2，10m/s2）.
In order to validate the filtering precision and guidance precision of the AEKF, we made two set of the 
simulation. The results were Fig.2~Fig.4. 
From the Fig.2 and Fig.3, we could get conclusion: as far as the relative position and target acceleration 
variance error is concerned the AEKF algorithm is good to EKF, which is to say ,the AEKF’s estimate 
precision much better. From the Fig.4, the trajectory curve is placid, the control variable needed could be 
less, which indicate that the AEKF algorithm based stochastic model variable structure guidance law has 
a better interception effect to maneuver target. 
Fig.2 the mean square root error of relative position in X axis 
Fig.3 the mean square root error of acceleration in X axis 
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Fig.4 the interception trajectory curve 
6.  Conclusion 
The paper combine the current stochastic model based AEKF algorithm into the statistic sliding model 
variable structure guidance law, design the terminal guidance law. Firstly, on the basis of the passive 
radar’s angle measurement information, using the current stochastic model based AEKF algorithm to 
obtain the relative distance and relative velocity. Secondly, take the influence of the system state noise 
and observation noise into account, design a stochastic sliding model variable structure guidance law, 
which has the merit of robustness and angle of sight convergence. The simulation results indicate that the 
current stochastic model based AEKF algorithm has high estimation precision, improve the guidance 
precision and minish the miss distance by combining to stochastic sliding model variable structure 
guidance law. It turns out to be much value in engineering applications. 
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